Abstract: We investigated the sintering and consolidation phenomena of silver nanoparticles under various thermal treatment conditions when they were patterned by a contact printing technique on polyimide substrate films. The sintering of metastable silver nanoparticles commenced at 180 o C, where the point necks were formed at the contact points of the nanoparticles to reduce the overall surface area and the overall surface energy. As the temperature was increased up to 250 o C, silver atoms diffused from the grain boundaries at the intersections and continued to deposit on the interior surface of the pores, thereby filling up the remaining space. When the consolidation temperature exceeded 270 o C, the capillary force between the spherical silver particles and polyimide flat surface induced the permanent deformation of the polyimide films, leaving crater-shaped indentation marks. The bonding force between the patterned silver metal and polyimide substrate was greatly increased by the heat treatment temperature and the mechanical interlocking by the metal particle indentation.
Introduction
Compared with the conventional photolithography/etching processes, the direct printing of metal particle pastes has mainly been used for electronics patterning, because it is environmentally friendly in terms of the reduction in the amount of material loss and number of processing steps, thus allowing for high productivity and mass customization.
1-6 Direct printing techniques including the ink-jet and microcontact printing processes can draw conductive lines directly patterned on the substrate in one step using silver, gold, or other nanoparticles.
7-10 In particular, if nanoparticles are used for direct printing, the conductive lines can be solidified at substantially decreased temperatures due to the extremely high surface free energy of nano-sized metal particles.
11,12 When the patterned nanoparticles are heated, sintering occurs below the melting temperature of the nanoparticles accompanied with consolidation and densification of the patterned parts. Accordingly, the sintering and consolidation processing nano-sized particles may well different from the micrometer-sized particles, which should be understood especially for electronic device structuring and design. In the direct printing process, metal nanoparticles can be printed on various substrates for use in electronic and electric device fabrication. [13] [14] [15] [16] [17] [18] [19] [20] Among the possible polymer substrates, polyimide is one of the most widely used materials in the field of opto-electronic devices such as electric insulators, circuit boards, waveguides, and alignment layers of liquid-crystal displays, due to its excellent thermal and mechanical stabilities, e.g., tensile modulus of 2.5 GPa, volume DC resistivity of the order of 10 18 Ωm, low thermal conductivity, and high glass transition temperature of over 400 o C. [21] [22] [23] It is also expected that the direct printing of metal nanoparticles on flexible polyimide substrate films *Corresponding Author. E-mail: jdnam@skku.edu
